In The Engineer of 2020: Vision of Engineering in the New
, the National Academy of Engineering lays out a vision for engineering in 2020 that emphasizes an appreciation of social, political and cultural complexity as engineering begins to address the "world's complex and changing challenges" (p. 49). The report calls for a "solid grounding in the humanities, social sciences, and economics… for more effective leadership in the development and application of next-generation technologies to problems of the future." However, meaningfully integrating humanities and social science content into engineering curricula is challenging and resource-intensive. Given the importance of this particular skill set for the development of the 2020 engineer, it becomes all the more necessary to develop evaluation criteria that can determine how efficiently and effectively students are mastering the contextual skills that are essential for engineering practice and leadership.
As over sixteen years of experience have demonstrated, outcomes-based assessment under the EC2000 criteria has created a space to recognize the role of the humanities and social sciences in engineering education. At least five of the outcomes derive directly from the humanities and social sciences (HSS), and another three either require or are enriched by HSS perspectives. Assessment according to the various criteria, however, does not provide a sense of the total contribution of the HSS to engineering education. This paper describes an effort to assess the contributions of the field of Science, Technology, and Society to undergraduate engineering education at a particular institution -the University of Virginia. Specifically, it describes the rationale behind what we are calling an "STS Qualifying Exam," which was taken by all students enrolled in an upper level Science, Technology, and Society (STS) class in the Fall 2016 semester (700+ total).
Drawing on Downey's (2005) definition of engineering as both problem definition and problem solution, we designed an exam to assess the ability of engineering students to think comprehensively and broadly about a novel scenario with both technical and non-technical dimensions. In addition to providing comprehensive data about what the STS program adds to the engineering education of all students who pass through our program, we wanted to more precisely articulate what constitutes excellence in sociotechnical analysis of the type we prepare our students to do. Having extensively assessed all of the non-technical ABET outcomes at all levels of our curriculum, we were eager to know whether the sum was more than the whole of its parts, in other words, what students could do when they applied their knowledge to the kind of situation they might face on the job. And we wanted to develop a strategy for reliably assessing what the students produced. This paper describes the rationale for the examination, the factors shaping its design, and what we learned from the exam about what constitutes excellence in the sociotechnical analysis of the kinds of real-world problems practicing engineers address. Most importantly, it offers evidence that we have at least begun to develop a promising qualitative approach to demonstrating the value of STS in an engineering curriculum.
The Rationale for the Examination: Assessment of Non-Technical Outcomes/Professional Skills
In a white paper endorsed by the Liberal Education Division of ASEE in 2002 and published in the Annual Conference Proceedings that same year, Steneck, Olds, and Neeley (2002) argued that the EC2000 criteria "provide [d] opportunities for more clearly defining and strengthening the role of liberal education in engineering" (p. 1). More specifically, they claimed that "Liberal education can contribute significantly to the development of all the program outcomes defined by ABET and is essential to seven of them" (d-j) and to the requirement that the major design experience prepare students to deal with "economic; environmental; sustainability; manufacturability; ethical, health, and safety; social; and political" issues.
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Recognizing that the new scheme for accreditation specified outcomes but not how the new requirements should be met and that many engineering educators would "have difficulty envisioning how liberal education should be designed and assessed under the new criteria," the authors articulated the purpose of liberal education in engineering; specified the component skills, abilities, and knowledge necessary to achieving those learning objectives; and outlined the means by which those outcomes could be assessed at three different levels: (1) knowledge and skills, (2) understandings, and (3) values and character.
As those of us who lived through the transition to EC2000 know, it was far from obvious how outcomes-based assessment would work and whether engineering curricula would come to see "Liberal education as an integral part of engineering education, rather than an extraneous requirement that students must meet" (Steneck, Olds, and Neeley, 2002) . One particular logistical challenge was presented by the fact that each of the outcomes had to be assessed separately. A tremendous amount of work was required to develop and implement the tools of assessment. By this time, a huge body of literature published through the ASEE Annual Conference Proceedings and elsewhere documents the success of humanists and social scientists in specifying and assessing the discrete outcomes to which the HSS are most relevant. At this distance, it appears that the assessment process has been more fully realized than the curricular integration that Ollis, Neeley, and Luegenbiehl (2004) envisioned as a possible result of the creation of new curricula under EC2000. Having more or less mastered the process of assessing the individual outcomes, we set our sights on developing the outlines of a process to assess what the humanities and social sciences and STS contribute to the preparation of engineers.
A frequent theme in the various publications that articulated the rationale behind the new criteria is the objective of ensuring "that graduates are adequately prepared to enter and continue the practice of engineering" and that "engineering education can be made more relevant to societal needs in the new millennium" (Parrish in Ollis, Neeley, and Luegenbiehl, 2004, p. 15) . While these goals provided the energy behind the vision of EC2000, there was no clear logical bridge between the vision and the discrete outcomes, nor between the various outcomes.
Another challenge was posed by the language of "soft skills" (vs. "hard skills") and the mental model underlying it. Some of the most tangible evidence of the progress achieved in the last 15 years is that the language of "professional skills" has become pervasive if not universal in the literature on engineering education. Although most conversations assume a distinction between "technical" and "non-technical" (or professional skills), the boundary between the two is not well-defined. Although there is dispute about exactly how many outcomes require an HSS component, it is widely agreed that an ability to function on multi-disciplinary teams; an understanding of professional and ethical responsibility; an ability to communicate effectively; the broad education necessary to understand the impact of engineering solutions in a global, economic, environmental, and societal context; a recognition of the need for, and an ability to engage in life-long learning; and a knowledge of contemporary issues are included in that category.
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At the University of Virginia, these professional skills are developed through a series of four courses in the Science, Technology and Society program. The first course, taken in the first year, emphasizes developing writing skills, critical reasoning and understanding the role of technology in world history. The second course is an elective which students take in their second or third year. Electives include, but are not limited to, courses focused on technology policy, entrepreneurship, or engineering in other cultures. In the final year of the undergraduate engineering program, students are required to take a two course series STS 4500: STS and Engineering Practice and STS 4600: The Engineer, Ethics, and Professional Responsibility. As part of these courses, the student produce an undergraduate thesis portfolio that consists of a technical report on engineering research or design, an STS research paper, and a sociotechnical synthesis that establishes the relationship between the two major deliverables of the project. All parts of the portfolio demonstrate the extent to which students have mastered particular outcomes, but none of them directly assesses their ability to apply the professional skills comprehensively in the context of a particular engineering project, in other words, their mastery of the whole to which all of the professional skills contribute.
The STS faculty scheduled a pilot test of the qualifying exam near the end of the fall semester of the fourth year, i.e., after the students had effectively taken three STS courses. At the completion of the pilot, we learned of other efforts to use scenarios to assess professional skills, some of them quite fully developed (see especially McCormack et al. 2014 and Scheckpeper et al. 2012) . Those other studies differed from ours in several significant ways:
• Even though they grouped the professional skills together, they measured the outcomes separately. This strategy is understandable given the requirements of accreditation, but it does not clearly relate to one of the original aims of EC2000, which was to equip graduating engineers to address sociotechnical issues in the context of engineering practice.
• They were conducted by researchers whose primary or core expertise was not in the disciplines that contribute most directly to the professional skills, more specifically, almost exclusively by people with advanced engineering degrees. Their engagement with the professional skill-related outcomes is an example of the expansion of horizons and concerns that EC2000 sought to promote. Nonetheless, it limited the depth with which they could articulate their evaluation criteria. As the outline for a scenario designed to assess understanding of professional and ethical responsibility (reproduced below from McCormack et al. 2014, table 6) illustrates, the "ethical issues" are matters of fact rather than principle or theory.
• They were much more time and labor intensive. For example, we assessed the competencies we were interested in using essays of no more than 500 words, which were evaluated by a team of three graduate students and recent PhDs. The scenario we used was drawn from an NPR article, in contrast to the research-heavy approach of gathering sources and creating an annotated bibliography as a prelude to creating and evaluating scenarios. The instructors of the fourth-year course agreed on the following design criteria for the scenario presented to the students:
• The technical aspects of the scenario should give neither an advantage nor a disadvantage to students in particular majors.
• The scenario should focus on a current event but not on topics on which the discourse had already become polarized.
• It should put students in a position they were likely to encounter in the practice of engineering.
• It should provide opportunities for identifying a range of stakeholder or social groups.
After investigating a range of promising scenarios suggested by STS faculty, we settled on the scenario below. (To see the complete prompt, including the supplementary factual details, see the appendix to this paper.) As the attached article demonstrates, cities around the country are considering whether equipping police officers with body cameras can restore trust between police and citizens and discourage police misconduct. Imagine that you are the lead engineer working with the city council of a mid-sized American city to develop a plan for integrating a network of body cameras into the city's information technology networks. The city leadership has not purchased the body cameras yet, but they are clearly excited about the potential of body cameras to resolve disputes and restore trust between citizens and local police. The city leaders are looking to you to advise them because your preparation in Science, Technology, and Society (STS) has equipped you to attend to both technical and social aspects of engineering problems. As part of your job, the city leaders have asked you to present a sociotechnical perspective on the use of body cameras to restore trust and prevent police misconduct. Your job is not to tell the city leaders what to do but rather to advise them about what they should take into account in making a decision.
Compose a well-organized argument of no more than 500 words that draws explicitly on at least one STS concept or theory, which you explain and use as part of your analysis. As you prepare your essay, consider the interests and perspectives of the relevant stakeholders, actors, or social groups as they are represented in the following article. What are the most important non-technical factors that should shape the decision to use (or not use) body cameras? There is no perfect or "right" answer to this question; the quality of your answer depends on clear and logical argumentation and your ability to describe and analyze the situation presented in the article. Students completed the exam outside of class with a time limit of 75 minutes. (Our students often take timed take-home exams, because of UVA's Honor Code.) They submitted their response to UVA's online course management site.
Evaluation Rubric and Procedures
The instructors of the course developed the evaluation rubric based on an initial review of a random sample of exams that were submitted early. After more than a few false starts, we settled on a rubric that was almost identical to the one below (with one later change -see *). The grading team consisted of one systems engineering graduate student, one Ph.D. in STS, and one Ph.D. in history. None of the three was an instructor for the course. Each exam was read by two graders, who recorded their evaluations on the back of each printed exam. The evaluators did not assign scores on individual dimensions of the rubric. Rather they utilized the rubric as a set of descriptions and exercised their expert judgment to generate a single evaluation for each paper. If both graders arrived at the same evaluation then the evaluation was confirmed. In a case where the evaluations differed, the evaluation recorded was the higher of the two. Although we had anticipated having numerous cases where the two graders differed by more than one scoring level, none occurred. The inter-rater reliability was high. The exams were not graded on a curve or according to any other quota expectations for each evaluation category. The evaluation process was thus primarily qualitative, and fairly efficient in terms of resources and grader time.
STS Qualifying Exam Rubric
The table below summarizes the results of the group as a whole. An important benefit of this qualitative assessment is that it allows us as instructors to identify a variety of ways in which students can demonstrate the skills we value in sociotechnical analysis. We want to explore this variety for two reasons: 1) to improve the evaluation rubric for future iterations of this exam, and 2) to improve our teaching, by targeting the skills that students in general struggle with on the exam. Qualitative assessment allows the flexibility to identity both what we value and how students achieved it. For the analysis presented in this paper, we selected the exam papers that received the highest score, which is that both graders awarded the papers a "check-plus". Because we want to identify what "good" STS analysis looks like, we examined the papers that best achieved the rubric we'd written for the graders. 69 papers earned this score. We divided them among us (the three authors of this paper) and analyzed them for patterns of how the students used STS concepts to interpret the case, how they engaged with the existence of multiple perspectives, and how they addressed the audience (i.e., the city council). We were inspired by Lederman and coauthors' (2002) method of assessing qualitative responses to judge college students' beliefs about what science is, based on the authors' open-ended "views on nature of science" (VNOS) questionnaire. The VNOS asks students to respond in writing to several short case studies. The authors then coded these responses for several criteria, including whether students understand science to be empirical, creative, theory-laden, based on inference, and influenced by social and culture (Lederman et al. 2005, p. 506) . Like Lederman et al., we derived our coding system from the data, through grounded theory. After our initial round of coding, we identified some variation in the papers and decided to reduce their number to better exemplify what we considered to be "good" characteristics of STS analysis. So we each chose the five "best" papers in our third of the "check-plus" papers, and focused on these fifteen papers for the rest of the study.
Next, we discussed the themes we had noticed. We grouped the most interesting themes into three categories:
1. The student integrates STS theory and the case in their argument. This category in its lowest form includes defining an STS concept and explaining the assigned case study. But it includes thoughtful, specific application of a concept to the case, rather than vague statements of why a theory and the case are relevant to each other. An exemplary and rather uncommon achievement of this category is a paper that critiques an STS concept, such by naming its benefits or limitations.
2. The student acknowledges complexity in the case and/or in STS theory. He or she may do this by discussing multiple perspectives, arguing that all stakeholders are equally important, and/or acknowledging the contingency of the situation. Discussions of possible outcomes, such as through thought experiments or their own examples, are good indicators of this category.
3. The student inhabits the role of an expert, by serving as a consultant to the city council as described in the prompt. Ways to achieve this include addressing the city council directly, such as by making specific recommendations as to how they should proceed. Addressing an audience outside of the student's/engineer's field is best achieved through a structured, explicit organization of ideas. The student's paper should sound like an argument that is written to inform and advise the city council, e.g., with a specific point in each paragraph and a clear beginning, middle, and end to the analysis.
We then re-coded the top 15 papers, to check these three codes' usefulness. We found the themes in most of the papers. The following paragraphs describe how we understand these themes, as indicators of certain skills that are valuable for engineers and that can be learned through studying STS.
Results: What We Learned About Excellence in Sociotechnical Analysis
The 15 best exam responses all define an STS theory or concept and apply it to the case of police body cameras, thereby integrating theory and case. The definitions are accurate to the original author's formulation of the theory, often with a citation. We define "applying" a theory as explaining how it is relevant to the case, such as how it informs the student's advice for the city council. For example, The manifest function (or intended consequence) of body-mounted cameras on police officers is to hold said officers more accountable for their actions … Citizens who wish to hold officers more accountable see any technology that solves this problem to be the "missing link" leading to the truth. This results in a latent function (unintended consequence) of the technology being that the truth and what is recorded on these body cameras are synonymous.
This student defines concepts through explanations of the case, and vice versa. The outcome of this approach is to present a problem with body cameras, which is that people may perceive video as truthful when it may not be. This kind of response shows comprehension of the theory and the case, as well as critical thinking and the ability to adopt multiple perspectives.
Several students present the case as an example or demonstration of a theory. For example,
Instead of these social changes that Weinberg (2005) claims would take more effort from the individual, body cameras can be seen as a short-term fix for the larger issue of misreporting details during police-civilian interactions. The student uses Weinberg's argument that social change can't be accomplished by technology alone to point out body cameras' limitation as a "short-term" technological solution instead of a sustainable social approach to improve trust in law enforcement. Several students identify factors relevant to the case and then use a theory to suggest a cause for these factors. For example, "certainly, there are some corrupt and racist police force members. But this behavior could also be explained by the Agentic State phenomenon, where members of an organized agency do things they would never do by themselves." This student demonstrates the value of thinking about cases in terms of general social patterns.
Most of the best 15 papers express critical and creative thinking and a broad approach to the case, a pattern that we describe as "acknowledging complexity". This includes discussing the case, a theory, or the work of doing sociotechnical analysis more generally as many-sided or with many possible solutions. For example, I urge the city council to examine the issue from both sides of the spectrum, socially and technically. Oftentimes I find the solution is somewhere in the gray area in the middle. To correctly identify exactly where it lies, we must examine the different participants involved, their agendas and finally potential solutions. Others credit applying a theory for revealing the case's underlying complexity:
At first glance requiring policeman and policewoman to wear cameras at all times easily bridges the gap of trust between law enforcement and the general public … However when ANT [actor-network theory] and the cartography of controversies are applied to the situation, the dynamic changes dramatically. These examples, as well as many others, suggest considering the perspectives of multiple stakeholders as a way to understand the case's complexity. The prompt's focus on identifying stakeholders probably helped inspire this point, but it is also a common theme in STS theories.
Another way students demonstrate their comfort with the case's many variables is by explaining their ideas in the form of thought experiments. These are situations or factors that students invent and do not appear in the exam's prompt or news article. For example,
[Police] may also be less likely to take other actions to improve community relations if body cameras have such a good reputation for doing so. Reformers or vigilantes may be less likely to record police incidents if they know body cameras are already recording them, missing key opportunities to record a potentially useful perspective. Discussing possible changes in behavior due to the implementation of cameras is insightful and shows a strong awareness of the relevance of people to the success of new technologies.
Describing actions as conditional, e.g., that people "may be less likely to", shows an understanding that there are many possible outcomes of this case. For example, A police car is an actor in the implementation of a dashboard camera because it will determine the angle at which an encounter is being filmed. The absence of the vehicle would necessitate a face-to-face confrontation that could change the entire encounter. The student sets up an imagined but realistic scenario, i.e., that not being in a car "would necessitate" different behavior by the police officer and citizens and therefore needs to be considered in the decision about body cameras. Using test cases like this helps students clarify their ideas and make their advice more compelling.
Similarly, students embrace complexity by raising questions not mentioned in the prompt or news article, contributing additional relevant factors and demonstrating their understanding of the case as involving many people and systems. For example, Additional factors to be considered include the economic tradeoff the up-front and maintenance cost of cameras will require-in other words, where will the money come from? One student wrote a long list of questions that the city council should ask:
What is causing police to act inappropriately? Why did the police lose trust in the first place? Are their [sic] underlying racial tensions? … Could we institute more appropriate training or harsher penalties for misconduct? What is the importance of public trust? These are all questions we need to ask at the interpretivist level to understand what problem the cameras are trying to fix. By framing the situation as an experiment with unknown variables and results, students engage deeply with the specifics of the case as well as with the more general skills of defining problems and developing ways to solve them. They acknowledge that sociotechnical situations are complex, and, crucially, they are not afraid to further complicate a case by bringing up their own ideas of relevant factors and possible outcomes. Rather than striving to simplify the exam case, the best papers willingly complicate it.
Another characteristic shared by many of the best papers is what we call "inhabiting the role of expert." By this we mean that the students adopt the role of an advisor asked to share their STS expertise with non-experts, as specified in the prompt. They demonstrate this role by addressing the city council directly and making specific, normative recommendations. Making recommendations is making an argument, supported by evidence and logical reasoning. Students who did not do this generally wrote generic descriptions of the news article and a theory, without a normative or argumentative voice. In addition, we include the logical organization of ideas as a crucial component of writing as an expert for an audience of non-experts. The best papers are all structured clearly, with ideas in logical order.
Making specific recommendations to the city council implies that the students see their STS knowledge as useful in real-world cases. A few students suggest technical alterations to the cameras, such as "The city council should explore options for automated recording." But most students recommend institutional and training changes, such as these five students' ideas:
There should not be ambiguity around when to use the camera, and there should likely be serious repercussions if the policies are violated.
Successful implementation of body cameras would also involve appropriate funding for this technology and research surrounding it by state and local governments.
In addition to the body cameras, the city would be well advised to have more rigorous screening and training of their candidates in order to ensure only those who genuine [ly] want to protect and serve are given the immense responsibility of being a police officer.
I recommend that the city council consider the cognitive belief systems, behavioral norms, and formal regulations that underlie the different interpretations of the relevant stakeholders. For example, jurors in a court case with video evidence should be educated in the bias and fallibility of recorded images to eliminate the belief that videos are not value-laden.
I would also caution the council against merely applying a technological fix to a problem that has deep social roots. The use of body cameras may be an important component of a program to restore trust between police officers and those they serve, but it should not be the only component. This advice ranges in tone from "should consider" to "would have to change". They all express a conditional sense of what to do if the cameras are adopted, but with a variety of levels of forcefulness. The groups affected by these recommendations range from the police, government, and jurors, reflecting students' embrace of the multi-stakeholder approach to understanding sociotechnical situations. Another category of recommendations focuses on research and mindset. For example, some students urge leaders to stay open-minded, e.g., "It will be important for the city council to try to employ interpretive flexibility when research [ing] and anticipating the potential responses to the decision." Others call for research to guide policy: "A careful analysis on all of the stakeholders involved and the specifications of the technology and how that shapes its use needs to be conducted, in order to draft a detailed and comprehensive plan for wide-scale deployment." Defining research and mindset as equally important steps as policy changes is a powerful indicator that students see sociotechnical analysis -and social factors -as valuable.
In summary, the best of the papers that our assessment process identified all exhibited these three characteristics: they (1) integrated STS theory and the case in their argument, (2) acknowledged complexity, and (3) inhabited the role of the expert by making arguments written to inform a decision-making process.
Conclusions and Next Steps
The evidence we collected to illustrate each of these characteristics provides a thick description of our emerging conception of excellence in sociotechnical analysis. This thick description will be particularly useful for refining the assessment process as we iterate on the approach used for the pilot. For example, it may be advantageous to revise the exam rubric to more adequately account for these characteristics. It was clear to us that the sample of papers that rose to the top were filtered through the initial rubric and may have under-represented papers that modeled our three characteristics in less conventional ways. A revised rubric could allow for a more thorough evaluation and assessment. We see potential for this approach of holistic assessment to be useful outside of UVA, especially for other institutions' evaluations of how HSS and STS contribute to engineering education. Engineering educators already value assessing technical skills through real-world case-study evaluations, such as in capstone research and design projects and in the Principles and Practice of Engineering (PE) exam. The difficulties of assessing students' abilities to integrate their various kinds of knowledge are also present in these technical activities. Our approach can help pave the way for identifying indicators of students' integration of information and holistic critical thinking across subjects and skills. Also, it was clear from the spread of the evaluation and the high inter-rater reliability that the current structure of the assessment is sufficient to make reasonable judgments about students' ability to conduct sociotechnical analysis. The 500-word limit that was initially driven by efficiency concerns has proven to be more than adequate for the assessment.
Our goal is to further develop this method and mindset of holistic assessment through future annual iterations of the STS Qualifying Exam, including additional research and reflection methods. For example, we have collected but not yet analyzed data on the students' perception of the exam and its relationship to the educational experiences that led up to it. Anecdotal evidence suggests that the exam served an educational function as well as an assessment function. One interesting complication unearthed by our analysis concerns the influence of both the prompt and instructor coaching on the responses of students. In other words, in what ways could we improve our teaching to more fully embody the identified three characteristics? We will work to separate and discern those influences moving forward. We also suspect that the strong points of the toprated exams we analyze here would be clearer if they were contrasted with responses from the weaker exams. These are all areas for future work.
Returning to the notion with which we began this paper, at the onset of this process we envisioned a number of clear goals and outcomes including (1) assessing the value of skills learned from liberal education and engineering and society (LEES) for engineering practice, (2) creating a qualitative assessment process that enables identification of the multi-dimensional expertise that LEES is meant to introduce to engineering education, and (3) developing an efficient qualitative assessment procedure. At the conclusion, it has become clear that while these goals have all been achieved, the greatest takeaway for us is the opportunity that the process has provided for reflecting on our teaching and how to improve it. The whole is indeed greater than the sum of the parts, both for our students' sociotechnical education and for our beliefs about holistic assessment.
